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This paper aims to emphasize the main aspects concerning the most relevant issues concerning the methodology 
of natural gas purification, by removal of the impurities, also taking into consideration theoretical issues, which concern 
the phase equilibrium. Thus, this approach aims the analysis of the separation phenomenon by describing the principles 
of the separation of the solid and liquid impurities that accompany the natural gas during the extraction process. In this 
paper, are also analyzed, from theoretical point of view, the main issues regarding the equilibrium of the phases involved 
in the interaction natural gas – impurities, together with some details concerning the alteration of the flow regimen 
involved in the processes of natural gas extraction. 
 




1. The principles of the separation of the solid  
    and  liquid impurities from gases 
 
The most important function of the surface 
technological installation, in a probe used for the 
extraction of the natural gas, is the separation and 
retention of liquid and solid impurities, brought up in 
the same layer with gas, or resulting from 
condensation due to temperature decrease in 
extraction pipes, and by lamination [4]. 
In these circumstances there is a need for 
cleaning the gases, and removing the liquid and solid 
particles in suspension, before being placed in 
pipelines. It is also necessary to remove carbon 
dioxide and hydrogen sulfide if any or both of these 
substances exist in the composition of the gases. 
 
* Corresponding author.  
Tel: +40-264-596384  
Fax: ++40-264-593792  
e-mail: calin.safirescu@hotmail.com 
 
In addition, the gases contain a certain amount 
of moisture, water vapors, respectively. The presence 
of water can lead in certain conditions of temperature 
and pressure, to the formation of solids compounds 
of the hydrocarbons from gases, with water, which 
are deposited on pipeline walls. In this way, you can 
get even complete obstruction of some portions of the 
pipeline, thus interrupting the gas transport.In order 
to avoid the occurrence of this phenomenon, one may 
use the well-known cleaning methods, usual from the 
technological point of view, and cited by the 
literature.Taken into account that in the composition 
of combustible natural gases transited through 
transport systems, there are biphasic or multiphase 
mixtures, in different state of aggregation, several 
methods and separation systems are used [3]. 
The physical condition of a heterogeneous 
system is determined by the state of aggregation of 
the continuous phase. The heterogeneous fluid 
systems are shown in Table 1. 
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Table 1. Heterogeneous systems [5] 
Continuous phase Discontinuous phase Heterogeneous system 
Gas Liquid Fog 
 Solid Dust, smoke 
Liquid Gas Foam 
 Liquid Emulsion 
 Solid Suspension 
 
 
The systems of the type shown in Table 1, 
involve a series of particularities, most often, the 
separation of the phases being necessary, on one hand 
for the recovery of the components, when they have 
utility, and on the other hand, with the aim of 
purification.For the phase separation, in case of a 
heterogeneous system, various operations are used, 
and they belong to one of the following methods: 
 The differentiate action of some forces 
upon the system (the gravitational, 
centrifuge, inertial force, etc.);  
 The retention of the discontinuous phase 
by alteration of the surface forces;  
 The retention of the discontinuous phase 
on the surface and pores of a material, 
which allows the passage of the 
continuous phase (filtration).  
The main separation methods used for the 
separation of the heterogeneous systems are 
presented in Table 2.  
 
 
Table 2. The usual methods destined to suspensions separation [5] 
The heterogeneous system The separation method 
 Dry separation 
Dust Wet separation 
 Filtration 
 Electric separation 






The selection of the method and device of 
separation depends on the properties of a 
heterogeneous system: sedimentation rate, sizes of 
the discontinuous phase, the state of aggregation and 
the flow of continuous phase, discontinuous phase 
concentration, etc. 
In many of separation operations, the 
phenomenon, which is the basis of the above 
mentioned methodology, is the sedimentation. The 
sedimentation represents the deposition of the 
particulates of the discontinuous phase at the bottom 
or on the walls of equipment destined to the 
separation of phases, under the differentiated action 
of an external force, which may be: the force of 
gravity, centrifugal force, inertial force or the force 
created by an electric field. 
  If deposition of particles results in absence of 
their interaction, one with each other (collisions, 
congestion, etc.) we talk about a free sedimentation. 
In fact, no interaction is seen in heterogeneous 
systems wherein the discontinuous phase 
concentration is reduced [7]. 
In the case of heterogeneous systems where 
discontinuous phase concentration is high, the 
particles interact one with each other during 
sedimentation, and flow of the continuous phase, 
which is moving in the opposite direction of the 
particle, is significant, compared to free 
sedimentation.  
These phenomena causes the sedimentation 
rate to be lower in the case of such heterogeneous 
systems, and therefore this phenomenon is called 
braked sedimentation. 
For gas separation, several types of separators 
have been built and tested, based on both 
gravitational forces, and centrifugal and adhesion 
forces [6]. 
Experimentally, it was found that a more 
efficient separation occurs when the gas leaving the 
separator contains about 20% more humidity 
compared to saturation humidity. 
In many cases, this performance is sufficient to 
ensure the normal development of gas use, especially 
when pipelines are short and nominal pressure is 
lowered, so that the pressure drop on the route may 
compensate the temperature drop, and at the final 
point, due to the specific volume of the gas, it remains 
unsaturated. 
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In other cases, when starting pressures are high 
(> 4 MPa) if temperature drop is more important than 
pressure drop, the simple separation in scaffolding is 
not sufficient, and therefore a gas dehydration is 
required. 
Depending on the operating parameters of the 
probe, the distance between the probes and the 
quality and quantity of liquids retained, separation 
and dehydration can be achieved at each well 
separately or possibly in a central point [2, 3, 7]. 
The gas cleaning for mechanical impurities 
(sand, mud, rock debris) and liquids, after exiting the 
probe, is carried out in metal containers under the 
action of the following factors [5]: 
 The gravitational force;  
 The sudden change of the gas flow 
direction;  
 The centrifuge forces, in case of the 
circular movement of the gas flow;  
 The contact between the gas flow and a 
liquid surface or a solid wet one;  
 The gas passage through filters, 
membranes, etc. 
The efficiency of the separation process 
depends on: 
 The constructive characteristics of the 
separator;  
 The construction of the separator (the use 
of the devices of deflegmation, the way 
of gas intromission, etc.);  
 The velocity of the gas flow; 
 The physical properties of the gases;  
 The technological regimen of separation 
(pressure, temperature, flow).  
The solid impurities are of different types, 
shapes, and sizes, first of all, function of the place 
where analyze of the natural gas, destined to transport 
is performed [5]. Thus:  
 At the extraction head: sand, mud, rock 
debris, and different liquids; 
 On the route of the transport pipelines: 
dust, liquid and solid particulates, dust 
particulates and oxides; 
 Before reaching the final consumer: 
solid and liquid particles and micro 
particles. 
The separation and retention are performed 
using filters, characterized by [5]: 
 The flow of the natural gases that emerge 
from the extraction probe; 
 The natural gas filter entering pressure; 
 The natural gas filter exit pressure; 
 The diameter of the particulates it can 
retain; 
 The natural gas maximum temperature at 
filter entering; 
 The degree of retention of filter 
efficiency; 
 The pressure loose in the filter; 
 Annual maintenance expenses. 
The separators of the solid impurities and 
filters must be placed, at least, on the following 
places, on the route of the system of exploitation of 
the natural gases [5]: 
 In production fields, if possible, on the 
extraction head; 
 Upstream the stations of the gas drying; 
 Downstream the stations of the gas 
drying where solid desiccant is used; 
 Upstream the stations of natural gas 
compression The natural  gas filter 
entering pressure; 
 Upstream the stations of adjustment and 
measurement; 
 At the users of the natural gas, which 
practice special technological processes 
(chimization, thermic treatments, the 
industries of glass and porcelain, etc.). 
In order to achieve the gas drying, several 
methodologies are practiced [5]: 
 Gravitational separations (vertical and 
horizontal separators);  
 Inertial separators (cyclone separators);  
 Mixed separations (separators with 
tangential entrance of the gases);  
 Drying by absorption with desiccant 
solid substances (silica, activated 
alumina, molecular sieves); 
 Drying by absorption in hygroscopic 
liquids (glycols, solutions of calcium and 
lithium chlorides) 
 Drying by cooling. 
 
 
2. The alteration of the flow regimen.  
    The equilibrium of the phases 
 
Due to the emergence of condensed water 
fractions, or already in solid form, into the stream of 
natural gases pumped through the transport pipelines, 
and also due to the subsequent formation of the 
cryohydrates, the flow regime may change, being 
dependent on the concentration and velocity of the 
components. 
The load loss may also be changed. Here we 
mention linear and especially the local ones, which 
can reach up to lock the hydraulic of the system [2]. 
The identification of the way of the variation 
of parameters (pressure and temperature) allows us to 
identify the route areas where the gas stream passes 
from the single-phase state, to two-phase state and 
vice versa. 
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Depending on the areas and the way of the 
liquid fraction accumulation, one can identify various 
flow regimes as follows [2, 5]: 
 Flow with bubbles, where liquid and gas 
circulate with similar velocities; 
 Flow with large size gas bubbles 
(stoppers), the velocity of the gas 
bubbles is over the liquid velocity; 
 Flow of piston type, where the gas 
stoppers interrupt the continuity of the 
liquid column; 
 Layered flow, where appears a 
separation area, almost plane, similar to 
the free flow, but in this case, the gaseous 
phase is under pressure; 
 Flow with waves, which appears when 
gas velocity is increased. This entails 
undulations of the liquid surface; 
 Flow with liquid stoppers formed from 
the wave flow, which reach the superior 
part of the pipeline; 
 Ring flow, which appears at high 
velocities of the gas, when the liquid 
forms a thin film on the walls of the 
pipeline; 
 Sprayed flow, where the liquid, as drops, 
is carried by the high velocity (over 60 
m/s) movement of the gas; 
 Foaming flow, which is a sort of the 
previous movement, with liquids with 
high superficial tension. 
The composition of the phases, gas and liquid, 
vary during the process development, due to the 
variation of the regimen pressure, and the 
temperature of the gases from the transport pipeline. 
This causes the liquid and gaseous hydrocarbons to 
behave differently, exhibiting, during operation, 
variable properties. 
The state of equilibrium is that state in which 
there is no tendency to expand or contract the 
volume, and consequently the "state of aggregation" 
is not changed [1, 5]. 
If we have a system with two phases, namely a 
liquid phase and a gaseous phase (vapors), then the 
state of the system is determined by the pressure, 
temperature and composition. The conditions for 
maintaining the system balance are: 
 maintaining a constant temperature in 
heterogeneous area; in this way, the 
process of heat movement will be 
produced; 
 the pressure of the gaseous phase must 
be equal to the pressure of the liquid 
phase. 
These conditions are available for the entire 
system, but also for each component of the system, 
separately. 
The transition from liquid phase to solid phase, 
from the gaseous phase to liquid phase, and from the 
solid phase to gaseous phase, may occur only if we 
have a pure component, according to the 
solidification curve, the vaporization curve or the 
sublimation curve.  
The point of the intersection of the three 
equilibrium lines, which is the end point of the triple 
line is called the triple point of substance. There is 
only a single pressure and temperature at which the 
three phases can exist. 
The behavior of the substances under normal 
conditions of temperature and pressure depends on 
the pressure value pt, in the triple point compared to 
the ordinary pressure (normal pressure p0): 
 If pt < p0, then, by heating the substance, 
this successively passes by all three 
aggregation states: solid – liquid - 
gaseous. 
 If pt > p0, then, by heating the substance, 
this passes directly from solid phase, to 
vapor phase. 
The triple points of some substances were 
selected as landmarks for realizing certain 
thermometric scales (Table 3). Thus, the water triple 
point (Tt=273.16K şi pt=4.58 torr) was selected as 
fixed point of the fundamental temperature scale. 
 
 
Table 3. The parameters of the triple point for methane and water [5] 
Substance Pressure (bar) Temperature (0C) 
Methane 0.010440 -183.30 
Water 0.006210 0.0098 
 
In Fig. 1 are shown all three phases: the 
domain of melting sublimation of the wet vapors and 
sublimation, where the solids bodies and melt, the 
boiling fluid and saturated vapors are in equilibrium. 
The biphasic domain is limited by the curves of 
solidification, boiling and melting, sublimation and 
desublimation, respectively. The boiling and melting 
curves are joined by a common tangent in the critical 
point "C", which represents the maximum point for 
the domain of the wet vapors. The domains of the 
liquid and superheated vapors is placed just above the 
critical pressure and temperature [1]. 
The critical pressure is the maximum pressure 
at which a liquid can vaporize at constant pressure 
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with passage through the wet vapors. A critical 
condition for the melting zone is unknown. The areas, 
which correspond to the biphasic domain, intersects 
on the line of the triple points. 
The triple point is the point where all three 
phases coexist, and the curves of the three phases 
intersect. If the concentration of a mixture is 
modified, at constant pressure, the boiling 
temperature of the mixture will change. Similarly, 
when there is a change in the concentration of the 
mixture at a constant temperature, the vapor pressure 
(boiling) will also change [5]. 
The lowering of the temperature, while 
maintaining the mixture at a constant pressure, under 
pressure corresponding to the critical point, leads to 
the passage of the mixture from the gaseous state, in 
liquid – gas mixed state, and subsequently in the 
gaseous state. Similarly, the pressure drop, while 
maintaining the mixture at a constant temperature, 
below the temperature corresponding to the critical 
point, produces the passage of the mixture from the 
liquid phase in liquid - gas mixture state, and 
subsequently in the liquid phase. 
For passing in vapor state, the free water from 
the gases absorbs from the system an amount of latent 
heat, while the temperature of the gas - vapor mixture 
system remains constant, and the volume of the 
gaseous mass become higher than that of the liquid 
state. When the transition from liquid phase to gas 
phase occurs, the pressure varies in the same 
direction as temperature. 
The condensation of water vapors occurs 
beginning with the increase of the value of the 
pressure of the mixture over the maximum pressure 
of the saturated vapors. The temperature at which the 
phase change occurs, increases non-linearly with 
pressure increasing. The value of the saturation 
pressure of the water vapors is independent of the 










If analyzing the technologies of separation of 
the impurities from the natural gases, one has to take 
into consideration the issues concerning the retention 
of liquid and solid impurities, brought up in the same 
layer with gas, or the same impurities, which result 
from the condensation process that takes place within 
the extraction pipes. One of the most important steps, 
within the process of the separation of the impurities 
from the natural gases, is the methodology and 
associated equipment because the following issues 
must be taken into consideration: sizes of the  
 
discontinuous phase, discontinuous phase 
concentration, sedimentation rate, the flow of 
continuous phase, the state of aggregation. Another 
important issue that must be considered in the 
analyzed process is the phase equilibrium that must 
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